tions of DNase I (Worthington) at 250C for 3 min. DNA was purified, further cut with restricton nucleases (Bethesda Research Laboratories, Rockville, MD or New England Biolabs), electrophoresed, blotted onto nitrocellulose, and hybridized to 32P-labeled recombinant plasmids or gel-purified (9) fragments thereof as described (3) . Purified prI2A and pRC11 DNAs were gifts from Peter Lomedico and Richard Cate, respectively.
How might the packaging of DNA in chromatin (1, 2) affect the selective expression of genes in differentiated cells? Several Drosophila genes, inducible by heat shock in most or all tissues, exhibit a specially exposed chromatin structure at the 5' terminus even before induction (3). These exposed sites were revealed by digesting gently chromatin in isolated nuclei with DNase I and mapping the sites of cleavage by a simple and rapid "indirect end-labeling" technique that involves Southern blotting (4). The 5'-terminal exposed sites at the heat-shock genes occur both in late Drosophila embryos and in a cell line, whereas several arbitrarily chosen chromosomal regions revealed exposed sites only in the Drosophila cell line. Independently, Weintraub and colleagues (5) have reported tissue-specific DNase I cleavages near the chicken globin sequences. These combined results suggested a model which postulates that, as a prerequisite for differential gene expression during development, the 5' end of the gene will become specifically exposed in the appropriate tissue, cell type, or developmental stage (3) . As a test, we have analyzed the chromatin structure of the preproinsulin II gene in five rat tissues. The 5' terminus of that gene is preferentially digested by DNase I in a rat insulinoma (a beta-cell tumor) but not in kidney, liver, brain, or spleen.
MATERIALS AND METHODS
Five tissues-brain, kidney, liver, spleen, and a subcutaneously transplanted, x-ray-induced insulinoma (6)-were dissected from four individual male New England Deaconess Hospital rats provided by William Chick, quick-frozen, and stored at -70°C. Nuclei were isolated by pulverizing the frozen tissue and further homogenizing it (in a glass homogenizer with a rotating teflon pestle) at about 1 g of tissue per 20 ml of "buffer A" with 0.25 M sucrose (7), a slight modification of the buffer A of Hewish and Burgoyne (8) . The homogenate was filtered through nylon mesh, and crude nuclei were pelleted by centrifugation at 3000 x g for 3 min. The pellet was resuspended in the same buffer and was centrifuged through a stirred 1.5 M sucrose cushion essentially as described (7) . The pellet was resuspended in digestion buffer (3) at a final DNA concentration of about 0.5 mg/ml and was digested with several concentra-RESULTS There are two equally expressed, nonallelic genes for preproinsulin in the rat. Both have been isolated and characterized extensively by Lomedico et aL (10) . Whereas the two genes are very homologous, the surrounding sequences are not; furthermore, the preproinsulin II gene possesses an additional 499-bp intron interrupting its coding region. The preproinsulin I and II genes lie within 10-and 4.0-kb Bgl II fragments, respectively.
Within the 4.0-kb Bgl II chromosomal DNA segment containing the preproinsulin II gene, the DNase I-sensitive sites can be mapped by digesting rat chromatin partially with DNase I, restricting purified DNA completely with Bgl II, and probing a Southern blot of the electrophoresed DNA fragments with a 32P-labeled segment abutting either one of the Bgl II sites flanking the gene (Fig. 1) .
The DNase I-sensitive sites in rat chromatin are shown in Fig. 2 with respect to the Bgl II site on the 3' side of the preproinsulin II gene. Here, the hybridization probe is the Abbreviation: bp, base pair(s). 1577 The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisenent" in accordance with 18 U. S. C. §1734 solely to indicate this fact.
EcoRI-Bgl II segment that includes roughly the 3' half of the gene and flanking DNA (Fig. 1, probe i) . The Southern blot of a Bgl II digest of purified rat DNA from insulinoma, liver, kidney, spleen, and brain revealed an intensely labeled 4.0-kb fragment (10) that contains the preproinsulin II gene (Fig. 2, lanes  1, 4, 7 , 10, and 13). Two faintly-labeled fragments were also visible. One occurred above a 9.0-kb marker (not shown) and was due to a minor reaction of the probe (which contains a 200-bp exon) with the 10-kb Bgl II fragment containing the preproinsulin I gene (10) . The other 0.8-kb fragment was presumably a Bgl II fragment located elsewhere that crossreacted with the nonpreproinsulin-encoding part of the hybridization probe; it did not appear when only the coding sequences were used in the hybridization reaction (data not shown).
When chromatin from the five tissues was digested with DNase I, only the tumor showed an approximately 350-bp region of preferred cleavage that maps at the 5' terminus of the gene (Fig. 2, lane 2) . The position of this region relative to two Pst restriction sites near the 5' end of the gene is shown in Fig.  2, lanes 18 and 20. This comparison shows that the exposed region extends upstream about 250 bp from the putative cap site (10) as indicated by the solid arrows in Fig. 1 (Fig. 2, lanes 22 and 23) . The position of these sites was confirmed by mapping across this region in the other direction, from the Bgl II cut on the 5' side of the preproinsulin II gene (Fig. 3) . Using the Bgl II-EcoRI segment on the 5' side of the gene as hybridization probe, we observed a region of preferred cleavage in tumor chromatin that maps from roughly 300 bp upstream from the 5' end of the preproinsulin mRNA into the gene itself (Fig. 3,  lanes 2 and 3) . Again, this DNase I-sensitive region did not appear in liver, kidney, or spleen. Fig. 2 also shows that the digestion of rat liver chromatin, but not insulinoma, spleen, kidney, or brain chromatin, yielded two sets of fragments roughly 3.0 and 1.0 kb in size. Because the 1.0-kb fragment, which can be seen more distinctly in the original autoradiogram, is shorter than the length of the hybridization probe, both it and the 3.0-kb fragment could have resulted from a unique cleavage roughly 1.0 kb away from the Bgl II site on the 3' side of the gene; this would lie just inside the preproinsulin gene, near the 3' terminus ( Fig. 1, open row). The alternative mapping from the other end of the Bgl-Bgl fragment (Fig. 3, lanes 7 and 8) (3) . Such exposed regions may reflect a preferential accessibility of the chromatin to regulatory molecules. The 5' flanking region, but not the 3' flanking region, is closely conserved between several copies of these Drosophila genes (12) and between the two nonallelic preproinsulin genes in the rat (10) . The exposed region on the simian virus 40 minichromosome also runs several hundred base pairs upstream from the 5' end of the early transcription region (13) (14) (15) (16) (17) ; the four small heat-shock genes and all five histone genes in Drosophila have been recently shown to exhibit a similar placement of DNase I-sensitive sites (18, 19) .
These experiments test the hypothesis that a DNase I-sensitive or exposed chromatin structure should be both 5 which such structures are created might perhaps be the molecular mechanism responsible for cell determination in the ontogeny of multicellular organisms.
